The development of software not only needs to consider the construction process, but also other aspects such as cost, human resources and communication among stakeholders. The lack of simplicity into this context becomes explicit when some restrictions, such as service oriented architecture, must be considered as the basic style to build sustainable applications into environments were practitioners are not aware of this software technology. In addition to this, most of the available software processes are not directly applicable nor are they reusable, so learning times becomes risk for the development of the project. Therefore, Tape Mbo'e (TME) has been proposed to support the building of such applications, into development environments like developing countries where we can have economic constraints and scarcity of proficient practitioners. The first application of TME has been to develop a service-based application whose goal is to provide the interoperability among legacy systems of different public agencies in Paraguay. Initial results of this experience indicated the feasibility and simplicity of TME when applied in this field. The evaluation process, its results and conclusions are described in this paper.
Introduction
The interest in Service Oriented Computing has increased due to its observed benefits: support the interoperability among heterogeneous legacy systems, re-usability of functionalities and construction of adaptable and loosely coupled applications.
Building service-based applications requires repeatable software development processes to produce high quality software. On one hand, the existing development processes, like those proposed for object-oriented or component-based paradigms, do not completely satisfy the needs of service oriented application development [1] . On the other hand, the service oriented processes focus on developing services, but not on project management. Project management is critical in the construction of complex systems (e.g. e-government applications) to properly address different aspects such as human resources management, quality assurance management, and outsourcing, among others [2] , [3] .
For these reasons, Grau et al. have proposed Tape Mbo'e (TME) 1 , a service oriented process [4] , [5] . It encompasses the whole life cycle of service-based applications (SBAs) that are built considering the sustainability, which means the capability of affording the operation of software in the long term [6] . Besides, an extended version of TME with life cycle, roles, disciplines, and work products is presented in this paper. TME was not built from scratch; it is based on Open Unified Process (OpenUP) 2 , that has been chosen for being a light version of Rational Unified Process (RUP). RUP is a well-organized methodology and it has been widely used in the industry. However, it includes many artefacts and documents, making its use hard in this context because its adaptation would be time consuming and expensive [7] . TME has adapted OpenUP to support the development of SBAs. TME extends the life cycle and disciplines of OpenUP to cover the maintenance and retirement of applications and to assure the quality of SBAs. Besides, TME improves the project management discipline of OpenUP to consider the needs of development projects of public agencies of the Paraguayan government. The changes in this discipline have been inspired on the standard of project management [8] .
We are aware that the changes proposed by TME reduce its agility. However, they support the sustainability, which is more valuable for the type of projects that we are interested in, such as the government projects.
TME is being applied for the first time in the Information Exchange System (IES) that is in charge of interchanging citizens' data among the legacy systems of the whole public sector of Paraguayan government. The validation of TME represents a long-term study. However, the first observations indicated the feasibility and applicability of TME when used by practitioners. It is worth noting, that TME's evaluation has been the first application of rigorous experimental evaluation in the public sector in Paraguay. Therefore, the first results of this experience are going to be described in this paper.
The paper is organized as follows. Section 2 depicts the TME including life cycle, roles, how the disciplines are performed during the life cycle, and differences between TME and OpenUP. Section 3 outlines the followed process to evaluate the application of TME in case studies. Moreover, the process is illustrated with the experience of applying TME in a public agency in Paraguay. Finally, conclusion indicates some future directions.
2 Tape Mbo'e: a Service Oriented Process TME is a process for developing and maintaining service-based applications (SBAs), and it is based on Open Unified Process (OpenUP) (version: June 1, 2012). OpenUP has been chosen after examining various Agile Methods (AMs) such as Scrum [9] , [10] , Extreme Programming (XP) [11] , [12] , Feature Driven Development (FDD) [13] , Dynamic Systems Development Method (DSDM) [13] . We have chosen OpenUP because it is the only one among those AMs that considers the project management and the deployment as disciplines. Its work products cover more aspects of the life cycle than the other AMs. Additionally, it is the light version of the Rational Unified Process (RUP). There are differences between TME an OpenUP, however; we will describe them in the next sections.
Life cycle
TME adopts the four phases of OpenUP and extends the life cycle of software development by adding the new "Operation Phase".
The life cycle is iterative, incremental, and the phases are executed sequentially. Each iteration produces an incremental value to stakeholders, results of iterations should be defined in the iteration plan. The duration of the iteration might vary depending on project characteristics, but it is suggested to last for one-month.
The increment is a unit of work that can be used to measure project progress, and to make decisions in each iteration. TME suggests that independent parts of the development can be carried out in parallel iterations. The next sub-sections describe the phases whose sequences of execution are illustrated in Figure 1 . • Inception Phase. The starting point is the need to develop a software that has to meet a set of requirements. The requirements can be refined through the iterations. Thus, the general requirements are collected to estimate cost, human resources, schedule, and to identify stakeholders.
Having determined the requirements, major decisions such as recruiting human resources, acquiring infrastructure, outsource the whole development or a part of it are taken. Also, the quality is planned.
• Elaboration Phase. This phase aims at outlining the architecture of the software, described by work products of the disciplines executed during it.
At the beginning, the iteration is organized; this includes the selection of the requirement to be developed. Secondly, the selected requirement is described considering the remark of users, and it is refined incrementally.
Moreover, staff, schedule, and risks are all managed, and the quality of the work products are monitored and controlled. The output of this phase is a set of work products that describe the requirements (see Table 1 ).
• Construction Phase. The effort is focused on building and testing the solution that has to meet the pre-established quality standards. Thus, this phase is composed of increments of building and testing.
Once the solution fits the requirements, it is ready to be tested by users in the next phase.
• Transition Phase. This phase involves the software release for users testing before its deployment. It can comprehend various increments of testing in which minor adjustments can result from users' feedback.
Moreover, users can request to change some functionality. In that case, a decision on whether accepting the request or not, and on when it will be implemented, has to be taken.
At the end, the software is deployed and the users are trained on how to operate it.
• Operation Phase. It tackles software productive life that encompasses corrective, adaptive, perfective, and evolution maintenance as well as the software retirement.
The corrective maintenance focuses on repairing faults and errors detected during the software operation while the perfective aims at improving code. The adaptive maintenance adjusts the application to support changes such as in the infrastructure layer; in the application context and location; of the user types, preferences, and constraints; in the functionalities provided by the composed services; in the way the service is being used and managed by its consumers. Furthermore, in this phase it is possible to adapt or substitute the component services to improve the performance of the software.
The evolution implies starting a new development cycle.
Finally, software retirement entails uninstalling the whole application or services from production environment. Due to its critic importance for service consumers, we have to assure the remaining services continue to work correctly.
Roles
Tape Mbo'e (TME) defines roles, each in charge of tasks needed to meet objectives. Its roles are like the three types proposed by OpenUP 3 : Basic, Deployment, and Environment.
Basic Roles
This type of roles encompasses those who participate in the development and the stakeholders. TME introduces two changes in the basic roles of OpenUP, it removes the Any Role and add one of Quality Analyst. The former has been exempted because it does not participate in a specific discipline, while the latter is included to be in charge of the Quality Assurance discipline.
The roles are the following:
• Stakeholder. The role represents all the people interested on the execution of the project or affected by it. In this sense, all other roles can be considered as a stakeholder, and besides a stakeholder is called user when it is the person who asks for the development and/or will use the application.
• Project Manager. The role is responsible for the Project Management discipline. Hence, the project manager is responsible for coordinating and controlling the team and the project execution.
• Analyst. The role is responsible for the Requirements discipline. The analyst meets with stakeholders to gather the requirements. Having collected these, the analyst describes them with use cases and mock-ups.
• Architect. The role is responsible for the Architecture discipline. The architect examines the requirements to outline architecture of the application through models and documents. Moreover, is in charge of the technical decision-making that can affect the whole development.
• Developer. The role is responsible for the Development Discipline. Developers constructs the software according to the architecture and perform verification tasks once the development is done.
• Tester. The role is responsible for the Testing Sub-discipline. The tester verifies and validates the software. The tester supports the revision of the software when it is reviewed by an user.
• Quality Analyst. The role is responsible for the Quality Management sub-discipline. The role is in charge of ensuring the quality of the process and deliverables.
At the end of a phase or iteration, the Quality Analyst controls and evaluates the quality of the work products of the disciplines to suggest adjustments or improvements if necessary.
Deployment Roles
These roles are in charge of the tasks that are carried out after submitting the application. TME does not include the roles of "Course Developer", "Product Owner", "Technical Writer" of OpenUP. TME assigns the responsibilities of the "Course Developer" to the "Trainer", and it hands the responsibilities of the "Technical Writer" to the "Quality Analyst". Also, it calls "User" to the "Product Owner". The roles are the following:
• Deployment Engineer. The role is in charge of deploying software into production environment as well as publishing services into service repository. After deployment it verifies the success of the procedure, as well as the implementation of the roll-back plan if needed.
• Deployment Manager. The role is responsible for coordinating the deployment into production environment and service repository as well as monitoring and controlling the deployment engineers.
• Trainer. The role is responsible for training the team members and users. Team members are trained on skills needed to accomplish their jobs, while users on software usage. Additionally, the trainer prepares the material for the training course.
Environment Roles
These roles include people in charge of tools, configuration, and assets. TME considers the role of "Configuration Analyst" to be in charge of the Configuration and Change Management. Moreover, it excludes the role of "Process Engineer" proposed by OpenUP because its responsibilities are carried out by the Quality Analyst.
The roles are described as follows:
• Tool Specialist. The role is responsible for the Configuration and Change Management sub-discipline. It takes care of providing technical assistance about the tools used in the project including purchasing, installation, configuring, and maintenance.
• Configuration Analyst. This role is in charge of tracking and controlling the changes in the assets of the project, as well as keeping the assets.
Disciplines execution during the life cycle
Tape Mbo'e (TME) follows an iterative, incremental, architecture-centric, and risk driven process. It is represented by analysing two dimensions: temporal evolution (life cycle) and disciplines as it is illustrated in Figure 2 . The former shows the software life cycle, while the latter mentions the disciplines involved to produce software [4] . A discipline is a set of tasks that have a common goal, and produce work products. The work products can be documents (manual, planes, schedule, contract, etc.), models, code, templates, mock-ups, service level agreement (SLA). The disciplines are executed during the life cycle, and each of them is under the responsibility of one of the aforementioned roles. TME proposes six disciplines whose relationships are shown in Figure 3 . The vertical disciplines (i.e., Project Management and Quality Assurance) are in charge of organizing, controlling, and suggesting tasks to the horizontal disciplines. The disciplines, their sub-disciplines, work products, and the phases in which they are carried out are presented in Table 1 and described bellow.
Inception
The major goals are the definition and delimitation of the development project. These are accomplished through the following disciplines: Project Management Project Management. The project is established applying the next sub-disciplines:
• Development Management. A Feasibility study is carried out to determine the project's viability.
The project scope is delimited, and first estimations of cost, time, infrastructure, and human resources needed are done.
The risks are identified, and suitable responses to them are planned.
Moreover, the work breakdown structure (WBS), schedule, and budget are elaborated as part of the project plan.
• Human Resources Management. Recruitment can be needed in which case the candidates are interviewed, and hired thereafter.
The team is organized, and its members are notified about their responsibilities and functions.
In addition, training courses for the staff of the project are planned.
• Communication Management. The stakeholders are identified and the information flow among them is prepared/organized.
Furthermore, the meeting frequency is established. Meetings with users are arranged and performed, and during those meetings, the major decision of the project are taken.
Meeting minutes are elaborated to report on the topics discussed in these meetings
• Outsourcing Management. The decision about outsourcing development is made, and as a results technical specification of purchase or engagement is created.
The suppliers are called, and their proposals are assessed in order to carry out the selection process. Finally, negotiating, awarding, and the signing of the contract with the selected supplier is done.
Quality Assurance. It aims at planning how the quality during the whole project will be managed. The following sub-disciplines are considered.
• Quality Management. The definition and standardization of process, documents, and work product products are set. Templates, as well as tools (check-lists, questionnaires) are created in order to evaluate the quality of work products. Also, good practices are suggested to be employed during the whole life cycle.
• Configuration and Changes Management. The identification, collection, classification, labelling, and maintenance of project assets version are done. Moreover, process of change request is established.
Requirements. The major project requirements are identified with users, and these are ordered by priority.
Elaboration
This phase is characterized by the activities of analysis and design. Therefore, it involves the following disciplines:
Project Management. It is performed through the next sub-disciplines.
• Development Management. At the beginning of the phase, the iteration is planned and arranged. Also the requirements to be developed during the iteration are negotiated with users.
The tasks of monitoring, controlling, and updating scope, risks, schedule, and cost are carried out.
• Human Resources Management. The tasks are assigned to human resources who are monitored to ensure the tasks completion.
• Communication Management. At the beginning of the phase, the analysts meet with users to determine the requirement to develop in the iteration and receive requests for changes.
Moreover, team meetings are held according to the settled frequency, as to update about progress, pitfalls, and support decision-making.
Quality Assurance. It focuses on the quality of design and keeping assets version. These following sub-disciplines are involved.
• Quality Management. At the beginning of the iteration, the Service License Agreement (SLA) is negotiated.
The quality of the design is monitored, and corrective actions can be suggested.
• Configuration and Changes Management. All the assets affected by changes are identified and, they must be updated accordingly All the work products have to be maintained and their versions are tracked. The tools to be used for designing are installed and customized as well.
Requirements. The requirements are gathered from users, documents, and forms. First, the use cases and then the mock-ups are created. The mock-ups helps identifying inputs and outputs as well as understanding how the interface has to be. A glossary is created to unify concepts that can be either incompatible or different across diverse legacy systems.
Finally, use cases, mock-ups, and glossary can be refined, and the requirements list can be updated.
Architecture. It focuses on defining, depicting, and updating the application architecture. It is performed through the following sub-disciplines.
• Business Modelling. The organizational processes that can be reused and/or affected during development are identified.
The process description is made using Business Process Modelling Notation (BPMN) that has been chosen for being a standard notation 4 . BPMN involves process, sub-processes, activities, services, flows, and entities. TME calls Business Model to each BPMN diagram, and suggests describing with BPMN each use case identified by the Requirements Discipline.
• Integration. The top-down description of the application and its environment is provided including services and legacy systems. This is represented with the Domain Model that is elaborated with UML Component diagram according to the meta-model shown in Figure 4 . The meta-model represents . CROS provides the birthService and deathService while NPS supplies citizenPoliceRecordService. IIS consumes these services, and composes them into the citizenDataService consumed in turn by MES, MHS, and MTS. We can observe how the domain encompasses legacy systems and also produced and consumed services for them. This supports the re-usability of functionalities and services. The application is decomposed into modules, which are held in the Structure Model.
Furthermore, this sub-discipline defines the interchange standards including data format and processes. An example of standard data format is presented in Figure 6 . The example is in XML Schema Definition (XSD), a format in which the service providers present the information needed to consume their services. The identification of services to be re-used is another important activity. It is expected to reduce redundancy, development time, and save costs for both maintenance and operation. TME suggests the application of techniques for service identification, but does not indicate a specific one. However, some suggestions can be found in the work of Arsanjani et al [14] which are Domain decomposition, Goalservice modelling, and Existing Asset Analysis [15] , [16] , [17] , [18] . The techniques focus on searching a set of candidate services which might accomplish the development requirements. The search can embrace business processes, existing assets which include legacy systems, functionalities, procedures, existing services into service repository, rules and others [15] . After discovering the candidate services, they should be filtered according to pre settled criteria such as Service Litmus Test (SLT) [14] , [16] .
SLT is a set of tests applied in iterative way to assess service candidates in order to select those which will be re-used. Finally, the selected services are developed, unless they have been already deployed in the service repository.
The domain model, the structure model, the interchange standards, and the glossary of terms can be refined and updated.
• Components Specification. A bottom-up description of the application is done including service and database.
The service structure is described with inputs, outputs, messages, ports, and protocols according to the UML meta-model proposed by De Castro et al [19] . The meta-model is shown in Figure 7 , and it represents the WSDL with a UML class diagram in which each part of WSDL is a class. The model is called Service Model. The database is designed and depicted using UML class diagram and/or entity-relation diagram, this representation is called Data Model.
Additionally, the service model and the data model can be refined and updated.
Construction
The effort is focused on building an application that fulfils the requirements and quality standard. Therefore, the disciplines are applied as follows:
Project Management. It is performed through the following sub-disciplines.
• Development Management. The tasks of monitoring, controlling, and updating scope, risks, schedule, and cost are carried out.
• Human Resources Management. The human resources are monitored and controlled.
• Communication Management. Team meetings are held according to settled frequency, as to update about progress, pitfalls, and support decision-making .
Quality Assurance. It is accomplished through the following sub-disciplines:
• Quality Management. The code quality is monitored, and corrective actions can be suggested.
• Configuration and Changes Management. The identification, collection, classification, labelling, and maintenance of project assets version are done.
The changes of project assets are monitored, and the version is updated if needed.
Furthermore, the tools to be used for programming are installed and customized.
• Testing. The types of tests to be carried out are chosen, and the test cases are elaborated. Then, the verification of functionality, usability, supportability, reliability, and performance of software is carried out by developers and testers.
Requirements. The requirements list, use cases, mock-ups, and glossary can be updated.
Architecture. It is performed through the following sub-disciplines:
• Business Modelling. The business model can be updated and refined.
• Integration. The run-time configuration of processing nodes and its components are described in the Deployment Model that is elaborated using UML deployment diagram.
Besides, the domain model, the structure model, the interchange standards, and the deployment model can be refined and updated.
• Components Specification. The service model and the data model can be updated.
Development. It is carried out according to the design and the quality standards. The service composition is performed using an orchestration language.
Deployment. The plans of deployment and back-up are elaborated.
Once the application is finished, it is deployed in test environment.
Transition
Once the software is ready to be delivered, its verification, validation, and acceptance are carried out by users. Finally, it is deployed and its productive life starts. In this phase the following disciplines are involved:
• Development Management. The project plan and chart can be updated. Additionally, the process to authorize the application deployment is followed.
• Communication Management. The team meeting is held to discuss about the iteration issues and lessons learned.
The analysts meet with users to verify and validate the application. Furthermore, users are trained to use the software.
• Outsourcing Management. The provider delivers the application that has to be verified and validated before accepting.
Quality Assurance. It is performed through the following sub-disciplines.
• Quality Management. The quality of deliverables is monitored and controlled, and improvements can be suggested.
Furthermore, the deliverable documentation and manual are elaborated to be given to final users.
• Configuration and Changes Management. The deliverable version is maintained and tracked.
The change request can be received and analysed. Finally, decisions are made on whether to apply the changes or not.
• Testing. The verification and validation of the software is performed by users who have to accept it before deployment.
Requirements. The requirements list is updated.
Deployment. The infrastructure where the application will be installed is verified to ensure its adequacy, and corrective actions can be suggested. Then, the software is installed in production environment, and the services are published in the service repository. The services repository provides information about business entities, the type of services, and mechanisms for accessing to them. The industrial standards of service registry are the Universal Description, Discovery and Integration (UDDI) and Electronic Business Markup Language (ebXML) thought the most widely spread is UDDI [20] . In addition, the deployment can be reversed if necessary.
Operation
The activities focus on ensuring the effective and efficient performance of the software. Moreover, the software or part of it can be retired of the production environment; in this case, the operation of related applications has to be assured. These activities are achieved with the following disciplines:
• Development Management. It deals with warranties management as well as notification of software retirement. However, a decision to start the new development iteration can be taken to evolve the software.
• Human Resources Management. The staff in charge of maintenance is monitored to ensure the tasks completion.
• Communication Management. The team meetings can be held.
• Outsourcing Management. The warranty fulfilment can be requested to the provider.
• Configuration and Changes Management. Changes on project assets are monitored, and the version is updated if necessary.
• Testing. The verification and validation of the software, that have been maintained, are carried out by developers and users. Users have to accept the software before deployment.
Requirements. The glossary can be updated.
Architecture. The business model, the domain model, the interchange standards, the structure model, and the deployment model can be updated.
Development. The corrective, adaptive, and perfective maintenance are performed. As we stated in Section 2, it is possible to adapt and substitute the constituent services to improve software performance. TME considers mechanisms to monitor the needs for adaptation. Once adaptation requirements are detected, it is possible to choose the most suitable mechanisms to carry out the adaptation. The mechanism to be implemented depends on the change that promotes these needs. Some of such mechanisms could eventually support self-adapting service based applications.
Before retiring software from the production environment, all the related legacy systems have to be examined and adjusted if necessary. Thereafter, the retirement takes place and the environment is tested again.
Deployment. Updates are deployed into production environment, and / or into the service repository. The software can be returned to a previous state if necessary.
2.4 TME and OpenUP: extensions and differences TME has introduced various changes into OpenUP, mainly, in the life cycle, roles, and disciplines. The goal of these changes has been to provide to OpenUP with the characteristics required to support the development of SBAs. Besides, they intend to overcome some weaknesses of OpenUP such as the lack of quality assurance; a life cycle disregards maintenance and retirement; project management that does not consider outsourcing, human resource, and so on.
Considering this, TME has incorporated a new phase into its life cycle "Operation Phase", in order to cover the gap between deployment and retirement of the application in OpenUP's life cycle.
On one hand, TME has added the new discipline "Quality Assurance", to assure the quality of the process and work products; and has included the Test Discipline of OpenUP into this new discipline, as a sub-discipline. On the other hand, it has given up the Environment Discipline of OpenUP, because its functions are covered by the Configuration and Change Management sub-discipline.
In addition, TME has modified various disciplines of OpenUP; the major changes have been into the Architecture and Project Management disciplines. They have been separated into sub-disciplines to specialize their management, and their work products have been incremented as well (see Table 3 ). TME has introduced the new work product "mock-up" to the Requirements discipline. Since the service oriented computing involves a new programming paradigm, the Development discipline has been adjusted, including the service composition and the Deployment discipline to consider service publication into the service repository.
All these changes have affected the definition of roles, consequently. Two roles: Quality Analyst and Configuration Analyst have been added. Moreover, TME has excluded roles whose functions are covered by others, namely the: "Any", "Course Developer", "Product Owner", "Technical Writer", and "Process Engineer" roles.
The major changes incorporate in TME are shown in bold face in Tables 2 and 3 . To summarize, we highlight the improvements that TME has proposed, as follows:
• TME manages the characteristics of service-oriented computing while OpenUP does not consider these aspects. This is noted on, OpenUP's Deployment discipline missing the services deployment and publication.
• From the software engineering perspective, TME covers the whole life cycle. During its elaboration phase various work products are created to describe the application's architecture in more detail than the Architecture Notebook. The Architecture Notebook is the only work product of OpenUP that depicts the architecture (see Table 3 ).
Moreover, TME covers a larger domain by including operations outside the scope of OpenUP
• From a quality assurance viewpoint, TME manages quality through standards, definition of process for managing configuration, controlling changes, etc. However, OpenUP does not consider these aspects.
OpenUP involves the test practices, but does not envisage the user acceptance.
• In the project management dimension, TME proposes to manage human resource, communication, outsourcing and development as part of the Project Management discipline. By being loyal to agile philosophy, OpenUP manages the project informally, and as a result being loyal with agile philosophy. and as a result, the activities of controlling schedule compliance, cost, scope, accomplished tasks, human resources, outsourcing, and quality are not considered.
For all of these reasons, TME seems to be an interesting process in order to produce and maintain high quality service-based applications whose life cycle is supported by a well-defined project management.
Evaluation Plan
The assessment is inspired in the evaluation framework proposed by Grau et al [3] whose baseline is the work of Cernuzzi and Rossi [21] . The evaluation plan is composed of three phases: Planning, Execution and Analysis. 
Roles
• Basic Roles
Planning Phase
The Planning Phase describes how TME evaluation will be done and includes its goals, measures, scales, formulas, and steps. More specifically, it encompasses the following steps:
Definition of Research Questions
The goal of this evaluation step is to identify the relevant questions that will be answered. OpenUP TME Project Management
To do so, we focus on answering the following questions: Q.1 Does TME cover the intrinsic features of the service oriented computing better than the previous organization process?.
Q.2 Does TME address the major characteristics of a software engineering process better than the previous organization process?.
Q.3 Does TME address activities for project management better than the previous organization process?.
Q.4 Does TME support the sustainability of applications better than the previous organization process?.
Definition of Measuring Goals
With the research questions defined, for each of these questions we proceed to define a set of goals using GQM technique [22] . GQM separates goals in sub-goals hierarchically, as a tree where the leaves are the metric-associated questions used to measure the goals' achievement. The major goals with their sub-goals are described as follows (see Table 4 ). SO.1 Service Description. Examines how services, relationships among services, service roles, parameters, messages, service level agreements (SLA), and service composition are described.
SO.2 Service Implementation. Finds out how service deployment, service publication, and enterprise service bus (ESB) are carried out.
SO.3 Interchange Information.
Inquires about the processes and data format defined to support the interoperability among legacy systems. PM.4 Procurement Management. Encompasses identifying, and selecting sellers as well as awarding contracts. It also manages the relationship with sellers, while monitoring contract execution. It is referred not only to infrastructure purchases, but also to outsourcing. SU Sustainability is the capability of organizations to support long-term software maintenance [6] . Its major sub-goals are the following: SU.1 Documentation. Examines if TME proposes models and documents to cover the different aspects of the software development.
SU.2 Low Cost of Implementation. Inquires about the strategies implemented to save development costs. 
Definition of Measures and Scales
Two types of measurements are done: direct and indirect. The former is used for leaves while the latter for the others. For each of theses types the following measures have been established: Frequency and Aggregation. These measures are described in Table 5 .
The scale of the Aggregation Measure encompasses the range of values that are interpreted as the degree of satisfaction for goal achievement. The interpretation of the Frequency and Aggregation Measures is shown in Table 6 . 
The evaluation can not performed. Never 1x = 1; G= 1 It has never been achieved. Rarely 2 1 <x≤2,5; 1 <G≤2,5 It has been achieved less than 50% or equal of 50% of the time. Normally 3 2,5 <x<4; 2,5 <G<4 It has been achieved more than 50% of the time. Always 4x = 4; G= 4 It has been achieved the 100% of the time.
Definition of Measurement Process
The leaves are the questions answered by practitioners. These are measured by giving it a value found in the Frequency Scale (see Table 6 ). Once all the questions are answered, the value of non-leaves (goals and sub-goals) is calculated by finding out the arithmetic mean (X) obtained with Formula 1. Thus, the value of a non-leaf is equal to the arithmetic mean calculated from its child nodes.
a is the child node i is the depth where the child node is located n is the number of child nodes Different practitioners can be interviewed for a given case study. Each of these practitioners responds a questionnaire that contains a set of questions that are grouped according to the goals of the tree of goals, and they aim to measure its achievement (see Table 4 ). The possible responses to each question is in a frequency scale (see Table 6 ), as the example shown in Figure 8 shows.
The questions chosen are matched with their numerical value in a measurement template. Figure 9 shows the measurement template for the example of Figure 8 that corresponds to the questionnaire E 2 . Using this the value of sub-goals, goals, dimensions, and total value are calculated. Finally, the total value of the case study is the upshot of combining the dimensions and the total value of all the questionnaires. The combination is done through obtaining the geometric mean (G) with Formula 2.
G is the geometric mean R can be the value of the dimension or the total value M is the number of individual questionnaires
The results of Formulas 1 and 2 are given using the Aggregation Scale (see Table 6 ). This linear model is very simple and will probably be replaced by a more powerful aggregation mechanism, like the Logic Scoring of Preference [23] . Moreover, according to the objective of the stakeholder it is possible to associate a priority or different weights to specific goal and /or any goal of the tree to better cover significant aspects for the assessment. Such differentiation accommodates the needs of assigning priorities to a specific aspects and a more sophisticated comparative analysis. However, we leave this consideration for future works.
Execution Phase
The goal of this phase is the execution of the evaluation plan by running case studies. From the set of evaluation studies already performed for our case study, we will described the first one in the following section.
Case Study: Information Exchange System (IES)
TME was first evaluated in a case study regarding an Information Exchange System (IES) developed in a public institution in Paraguay (PIP). The PIP was set up in April 2012 and, before using TME its development process used to be informal, according to the information collected from its quality analyst in October 2012.
The PIP used TME to manage the development of the IES, which had as its main goal the interoperability of legacy systems in public agency through the use of service-oriented computing. The operation of the mentioned IES is as follows: first, it consumes services from the providers; second, it integrates these services into a new single service; and thirdly, it provides this new service (see Figure 6 ). It will take some years to complete the full development of the IES. Therefore, this first evaluation encompasses the period from October 2012 to March 2013.
During this period, four services were developed that exchanged citizens' data from five legacy systems that belonged to different public agencies. Each agency has a development team that is represented by a leader. The leader of the PIP is in charge of managing the communication among all leaders, and the PIP is responsible for defining the interoperability standards such as data format (see Figure 6 ), request process and to access to a service etc. The development team is in charge of services development for the owner of the legacy systems (provider or consumer). At the moment, there are three consumers, but this number is planned to increase in the future.
There have been six teams in charge of developing the IES. However, our analysis only involves the PIP team that was composed of a project manager, a leader, an architect, a quality analyst, and three developers. The project manager and one of the developers have a degree in computer sciences; the leader, the architect, the quality analyst, and one of the developers are system engineers; one developer is a student; and finally, the quality analyst is a Ph.D. student.
As far as professional experience is concerned, the project manager, the leader, the architect, the quality analyst, and one of the developer have been working in diverse projects, for more than ten years. One developer worked in a project before the IES, while for the other developer this is its first work.
The first part of the IES development was financed by a sponsor who monitored the development and demanded that his own quality standards to be followed. The sponsor support lasted until March of 2013.
The IES construction was delayed several times before due to some external factors such as political reasons, lack of a law that regulates exchange of sensitive data, and staff changes. The regulating of exchange of sensitive data was only passed on January 2013, which facilitated the decision making regarding the system. Definition of the Assessment Scope. The evaluation encompassed from the Inception Phase to the Transition Phase, over the course of six months. Focusing above all in the interoperability of legacy systems that can belong to different public agencies, the project management, and the sustainability of the project.
Since we were able to implement TME only in the PIP, the assessment considers only this agency. The interviewees where selected according to their knowledge on the whole process proposed by TME. Furthermore, it was required that they were part of the IES team of during the period from October 2012 to March 2013. Only the team leader and the quality analyst fulfilled these requirements.
Data Collection. The questions associated to each goal or sub-goal were presented in a questionnaire that was answered by the case study participants.
The questionnaires were then sorted out in Control or Experimental categories, according to the process that they report on. The control questionnaires were answered by the control group, these inform about the process of development before applying TME in the PIP. The experimental questionnaires were answered by the experimental group (i.e the team leader and quality analyst) and they measure TME's performance.
The questionnaire used for this case study is composed of 83 questions that measure 20 sub-goals. The questionnaire is written in the local language (Spanish), and it takes 20 minutes approximately to be filled by the practitioners. An example of the format of the questionnaires is shown in Figure 8 . We assign a numeric value in the Frequency scale to each response of the questionnaire. Having completed the questionnaire, the numeric value of each selected response is registered in a template to calculate the results (see Figure  9 ). The control questionnaire (CC) was answered by the quality analyst before applying TME. After six months of TME implementation, its performance was examined from the viewpoint of team leader (E 1 ) and the quality analyst (E 2 ) who filled in the experimental questionnaires.
It is worth noting that for the purpose of this study all the goals and sub-goals have the same weight. However, according to the stakeholder's objectives of the TME allows to assign different weight to specific goal and/or any goal of the tree.
Measuring Process. Once the questionnaires were completed, their responses were matched to the values of the Frequency Measure (see Table 6 ). Subsequently, the values of goals and sub-goals were obtained according to the process defined in Section 3.1.4.
As the questionnaires are clustered by type, next step was to follow the process defined in Section 3.1.4. According to the range of values in which the numerical results are to be interpreted, these were matched to the scale of Aggregation Measure. The tree of goals with the results of the three questionnaires (i.e, 1 before TME and 2 after adopting TME) is shown in Table 7 . Note that the results are in aggregation measure, and the questions (which are measured in frequency measure) are not presented.
The results for each dimension in Aggregation Measure are shown in Table 8 , and the final result is "Normally". 
Assessment Validity
The IES mentioned in this study is the first service-based application implemented in the public sector in Paraguay. For this reason, we could not compare TME with another development process for service-based application in the same context. Since the questionnaires are the tool used to measure the achievement of the goals, their reliability affect the validity of the evaluation. For this reason, they have been elaborated to embrace all the aspects related with the goals and their questions strive to be accurate and easy to understand. It is also important to note that the validity is constrained by the skills and perception of the interviewees.
Another limitation is that only two persons were interviewed. Even though these two persons are considered proficient professional, and they have been in charge of important projects in public and private sector in Paraguay.
Analysis Phase
Even though one study is not enough to support a strong claim, independent observers have managed to observe improvements in their processes due the use of TME.
It is worth mentioning that almost all the dimensions achieved the value "Normally", and particularly the Sustainability goal achieved values very close to "Always" (see Table 8 ):
Part of the IES development was outsourced, and the contract with the provider was signed before applying TME. For this reason, several of TME's suggestions were not been considered. Sustainability Dimension. Even though the models were not easily understandable to some of the staff, the documentation was usually updated.
The PIP determined that all the tools used for developing IES should be open source. These tools include database, programming language, modelling language, project management software, version control software, etc. Moreover, TME includes standard notation such as UML and BPMN.
However, the lack of documentation of the applications developed at the PIP before applying TME has hindered their maintenance.
Since the previous process of the PIP obtained the "Never" mark, when comparing it to the "Normally" mark obtained with TME we can consider that it has become more sustainable than the previous process in response to research question "Q.4" (see Table 8 ).
Ongoing works and Conclusion
Among the various Agile Methods, OpenUP has been chosen to be the baseline of Tape Mbo'e (TME). Furthermore, TME is a service oriented process that modified the life cycle and the disciplines of OpenUP. The former covers the maintenance and retirement of systems while the latter includes the service oriented computing features, the quality assurance, and improvements to the project management. These changes have affected the definition of roles and work products as well. Consequently, TME introduces new roles, gives up some existent roles, and includes new work products.
On the one hand, TME aims at proposing a general process. For this reason, the processes for addressing more specific aspects such as the publication of services on the service repositories have not been included by this version of TME. It is worth noting that TME is not a methodology, consequently, specific aspects like techniques for service identification, criteria for reusing functionalities, metrics to measure the complexity of the development, etc. are not presented here. However, as mentioned in section 2.3 for service identification, TME consider the adoption of other existing proposal.
To evaluate the TME, we prepared an evaluation plan that is described in Section 3. This plan includes goals, measures, and scales. In addition, it applies Goal-Question Metric to organize the overall observation structure and guide the case studies execution. This paper has presented the results of the first case study evaluated with the TME plan, which is also the first application of rigorous experimental evaluation in the public sector in Paraguay. The case study is the Information Exchange System (IES) which belongs to a public Paraguayan agency. The development of IES had been addressed using TME and its performance was assessed. In the evaluation TME has demonstrated to contribute to the agency's improvement when compared to the previous process as it is shown in Section 3.4.
The assessment of other case studies is still on going. These represent the experiences of using TME in different public and private organizations in Paraguay. The results of those case studies are currently being integrated by using meta-analysis (non-parametric aggregation) through Vote Counting [24] . Since this paper intended to discuss just one of these case studies, the use of vote counting is not feasible.
As future work we are going to present the results of assessing TME with vote counting. In addition, in order to outfit TME with a set of suggestions about existing techniques, we have researched about techniques for service identification and criteria for their selection, techniques to estimate the project size, criteria to reuse existing assets, etc.
The contributions of this paper are the description of the evaluation plan and its application to the first assessment of TME's performance in a real case study in Paraguay.
